 Here we fully investigated the influence of temperature, relative humidity, and frequency of ventilation on formaldehyde emission from plywood. The formaldehyde emission model of plywood was established by using Iteration method, Double exponential attenuation model and Mass transfer theory. The parameters for commenting the formaldehyde emission process of plywood are also discussed. It is concluded that the formaldehyde concentration under different general environmental conditions can be predicted from the formaldehyde mathematical model and the maximum error of formaldehyde concentrations between predicted and measured is less than 15%.
INTRODUCTION
Plywood is one of the most common materials used to indoor decoration. However, raw material such as urea-formaldehyde glue which contains much formaldehyde has been used in the production process of plywood. Constantly formaldehyde emission of plywood has become more and more serious. Most people have spent over 80 percent of the time stay in the indoors [1] . Excessive levels of indoor formaldehyde concentration from man made board has become an important cause of Sick Building Syndrome (SBS) [2] . As a consequence, the domestic and foreign scholars [3] [4] [5] [6] [7] has made a lot of research on the formaldehyde remission process of the man made board. Mohamed et al [3] has given an estimate of the main environmental factors including temperature, humidity and ventilation rate, which are affecting formaldehyde emission from man-made board. Based on the experience of the experimental data, an exponent attenuation model of formaldehyde emission put forward [6] . Double exponential decay model of total volatile organic compounds emissions from carpets is established [7] . More complete mathematical model for the formaldehyde emission from man made board based on the theory of mass transfer is also established [8, 9] . However, empirical model have established based on the experimental data under a certain environmental condition. It wouldn't reflect the distribution mechanism and cannot be applied when the environmental conditions changed; Based on the essence of formaldehyde diffusion from man made board, the Mass transfer model seems to give a better prediction effect and versatility of the formaldehyde concentrations. But it also brings to prediction error due to the simplified process of building model such as Little model [8] , which ignores spread mass transfer resistance that will lead to larger deviations when predicting short-term emission of formaldehyde. Yang [10] and Huang [9] model also have considered the mass transfer resistance, but the former of which will bring to a larger prediction error due to ignoring the influence of the indoor pollutants' initial concentration when the formaldehyde's concentration of the man-made board is too low or divergent in the later period. The latter model is set up by numerical solution, which process is too complex with low generalization; semi-analytical model which has been put forward by Xu Y [11] is too complicated coupling with the actual formaldehyde emission.
The paper adopts double exponential decay model and iterative method to calculate the physical characteristic parameters and combines the theory of mass transfer to build a model for the formaldehyde emission from plywood, which can effectively avoid errors caused by critical assumptions put in the Mass transfer theory. The aim was to develop a simple mathematical model for the formaldehyde emission from plywood, which would describe formaldehyde emission mechanism and its control countermeasures in a room.
EXPERIMENTAL MATERIAL AND TESTING METHODS

Experimental Material
The experimental plywood is bought from Guilin timber market, whose specifications for 1220 mm×2440 mm×12 mm; In accordance with the testing methods in the Indoor decorating and refurbishing materials-Limit Of Formaldehyde Emission Of Wood Based Panels And Finishing Products (GB18580-2001) [12] , the plywood's edge would cut into the surface area of 1m 2 specimen and sealing side by aluminum tape.
Experimental Apparatus and Test Method
Environmental test chamber (HW-571, studio volume is 1m 3 , Jinan Hong Wei technology co., Ltd.), its temperature range of 10~50℃ and the precision of which is controlled about ±0.5℃; The relative humidity adjusting range is 20~90% and the accuracy of which is ±2%; frequency of ventilation range from 0.25 to 2.5 m 3 /h. Uv-vis spectrophotometer (UV1700 type, the Japanese island ferry).
According to the testing method in the Indoor Decorating and Refurbishing Materials-Limit of Formaldehyde Emission of Wood Based Panels and Finishing Products [12] ; To describe the effect of some parameters of the formaldehyde emission in a room, It is necessary to study every single factor experiment respectively by changing the main environmental factors affecting the formaldehyde emission from plywood such as temperature, humidity and ventilation rate. Using GB/T 16057-1995 [13] to measure the formaldehyde concentration from plywood in the environmental test chamber. Its concentration would be up to equilibrium concentration when the difference of formaldehyde concentration being tested among the last three samples is less than 5%.
RESULTS AND DISCUSSION
The Experimental Result Analysis of Formaldehyde Release from Plywood
The relation curve between time and release of plywood's formaldehyde concentration under different environmental conditions is shown in figure 1 . (FIG a, b ). The figure 1 shows that environmental factors such as temperature, humidity or ventilation rate have a great effect on the formaldehyde emission from plywood. The formaldehyde emission from the plywood can be divided into the fast release, slow release and saturated release with the time prolonging. Figure 1 can also be concluded that with the increase of temperature, humidity or decrease of ventilation rate, the formaldehyde equilibrium concentration of plywood and initial release rate would increase when other things being equal. The mainly reason is that with the increase of temperature, formaldehyde diffusion velocity would increase, thus promoting its plank interior's formaldehyde molecules diffuse to the surface and so as to make the formaldehyde molecule between air and source phase of plywood flowing into the air phase quickly. With the increases of environment humidity, the number of formaldehyde molecules dissolved in water vapor would increase. As a consequence, formaldehyde concentration between air and source interface also increases. In the meantime, the water molecule in the air phase would compete with the formaldehyde molecules for the adsorption sites on the surface of the plywood, which makes formaldehyde molecule's stripping rate increases so as to promote formaldehyde emission.
The Establishment of the Plywood's Formaldehyde Emission Model
The formaldehyde emission from plywood mainly includes three mass transport process: ① internal diffusion process: the diffusion of formaldehyde from inside to the surface of the plywood; ② : thermodynamic equilibrium process: formaldehyde was adsorbed and stripped between air and source interface; ③: convection transfer process: the formaldehyde between air and source boundary layer diffuse to the mainstream. The formaldehyde transmission among which is mainly depended on the first two process; the specific process of which is shown in figure 2 . Assuming that formaldehyde diffusion process inside the plywood meet the Fick's second theorem (1), it can be introduced into pure diffusion mass transport model [14] :
where E s (t) (mg/h·m 2 ) is the formaldehyde's internal transfer rate of plywood, λ(m) is the thickness of the plywood. M 0 (mg/m 2 ) is the initial release concentration of formaldehyde from plywood. D(m 2 /h) denotes the plywood's formaldehyde internal diffusion coefficient. t(h) is time.
The process of thermodynamic equilibrium (2) can be used by linear isothermal Henry's law [8] :
where C s (t) is the formaldehyde's concentration (mg/m 3 ) between air and source interface of plywood's side and C g (t)(mg/m 3 ) is the formaldehyde concentration of air side. K is the formaldehyde distribution coefficient between plywood's air and source interface.
Assuming that formaldehyde is mixing uniformity in mainstream air, the convection transport process can be expressed as follows [10] :
where E g (t)(mg/h·m 2 ) is the transmission rate of formaldehyde in the air phase. Taking the whole process of the formaldehyde emission from plywood into consideration, the formula (1) ~ (3) can be translated into a new expression:
where f is the thickness's correction factor of the plywood's side between the air and source interface with no dimension.
The formaldehyde concentration dc emission from plywood in time dt can be represented as:
where A(m 2 ) is the area of the plywood,; V (m 3 ) is the volume of interior space. Putting the Eq.(4) into Eq.(5), the analytical expression of plywood's formaldehyde concentration C(t) can be derived by the Laplace transformation: 
Parameters Determination for Formaldehyde Emission Model from Plywood
It is seen that the main parameters of plywood's formaldehyde emission model from the derivation (6) include the distribution coefficient of formaldehyde between air and source interface K; the mass transfer coefficient D of formaldehyde in the internal of plywood; the mass transfer coefficient h g of formaldehyde in the air phase; the initial release concentration M 0 of formaldehyde from plywood and the thickness correction factor f between air and source interface of plywood.
Determination of the Distribution Coefficient K
Assuming that initial formaldehyde concentration from plywood and in indoor space respectively are C 0s and C 0g . The formaldehyde concentration would reach equilibrium after a period of time and their formaldehyde concentration respectively are C 1s and C 1g . For formula (2) we obtain:
According to the law of conservation of mass, we obtain
where V s is the volume of the plywood, m 3 . Hence:
where n=(V-V s )/V s is a constant term. The distribution coefficient K between air and source interface and initial formaldehyde concentration C 0s would be gotten by linear fitting by Eq. (9) and measuring the series of initial formaldehyde concentrations C 0g , C 1g .
Determination of Correction Factor F
Considering the formaldehyde concentration in the plywood is considerably larger than indoor, we define the excessive residual formaldehyde concentration (14) between the first item calculated by series and at X＝0 calculated by the complete series is less than 1% [15] . At this point, the ratio of excessive concentration between any point and the most lateral point in the plywood has no relationship with the time. So is true when making the x as a certain value and at this point the non-dimensional thickness correction factor f=X. The corresponding value f can be calculated by C 0s which has gotten in 2.3.1.
Determination of Diffusion Coefficient D
The infinite series summation item in Eq. (6) would tend toward 0 with time t lapsing. Thus the equilibrium concentration of formaldehyde can be simplified to 
while time t is larger, the n=1 is the main item and the other items could negligible due to the quickly attenuation for the right index summation item from the Eq.(17). It means that Eq.(17) can be processed linearly as follows: 
Determination of Mass Transfer Coefficient Hg
Formaldehyde's mass transfer coefficient h g in the air phase is determined by two mass transfer characteristics related formulas as follows [16] : (5) can be determined by the double exponential decay model [7] . .
The Calculation Results of Plywood's Formaldehyde Emission Model Parameters
The calculation results of parameters for the formaldehyde emission model from plywood under different environmental conditions are shown in table 1. S-standard conditions; T-temperature; H-humidity; V-ventilation rate.
From table 1 we can see that high temperature and high humidity environment would promote the formaldehyde emission of plywood. With the increases of the environment temperature and humidity, the formaldehyde diffusion coefficient D in internal of the plywood would increase, while the distribution coefficient K between air and source of interface would decrease. The ventilation rate has a little influence on K. With the increases of ventilation rate, formaldehyde concentration between air and source of interface would increase, thus promoting the formaldehyde from air and source interface diffuse to the mainstream air and reducing the formaldehyde concentration on the surface of the plywood.
The Fitting Results of Plywood's Formaldehyde Emission Model
We can predict the formaldehyde releasing rules of artificial board by putting physical characteristic parameters in table 1 into predictive model formula (6) . The result is shown in figure 1 , and among which the solid line is the predict results, the dotted line is the experimental curves. Compared to the experimental test data, the maximum error of simulation results above only less than 15%, and it also shows a better fitting effect by carrying on the correlation experimental test (P<0.05).
CONCLUSIONS
The process of plywood's formaldehyde emission can be divided into the quick release, slow release and release saturation, etc.; With the increases of temperature, humidity or decreases of the ventilation rate, the formaldehyde release equilibrium concentration from plywood and the initial release rate would increase so as to shorten the equilibrium time when other things being equal,.
With the increases of environmental temperature humidity or decreases of ventilation rate, the fast and slow initial formaldehyde transmission rate, E 01 , E 02 , and attenuation constant, k 01 , k 02 , would increase under a certain experimental conditions. High temperature and high humidity are conducive to improve plywood's formaldehyde release rate, and among which the influence of the ventilation rate is relatively weak.
With the increases of temperature and humidity, formaldehyde diffusion coefficient D would increase while the formaldehyde partition coefficient K between air and source interface of plywood would decrease. Besides, diffusion coefficient value D would increase with the increases of ventilation rate; Compared to experimental test data, the simulation results shows a good fitting effect while using mathematical model for the formaldehyde emission from plywood. The maximum error of formaldehyde concentrations between predicted and measured is only less than 15%.
